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REFRIGERATING COMPRESSOR CONTROL
CIRCUIT

BACKGROUND OF THE INVENTION

The present invention relates to a refrigerating compres-
sor control circuit and, more particularly, to such a refrig-
erating compressor control circuit, which controls the output
voltage value subject to the status of the load at the com-
Pressor motor.

During the operation of a refrigerator, two problems may
be encountered. One problem 1s the atfect of the pressure of
cooling agent 1n starting the compressor motor. The other
problem 1s the way of saving power during running of the
compressor. The cooling agent 1s compressed to the con-
denser and then condensed from gas state to liquid state. The
liquid state cooling agent 1s further delivered through an
expansion valve to an evaporator to absorb heat. When
heated, the cooling agent i1s turned to gas state again, and
then compressed to the condenser by the compressor. This
action 1s repeated again and again. During the circulation of
the cooling agent between gas state and liquid state, a
pressure 1s produced in the piping. A certain time after
shutdown of the refrigerator, the pressure i the piping
reduces. If the compressor motor shut down suddenly during
its operation, the operator cannot immediately start the
compressor motor again because the pressure 1n the piping
increases the load of the compressor motor. When starting
the compressor motor under a high pressure, a high starting
current will be produced, causing damage to the compressor
motor. In order to prevent this problem, the operator must
wait for a certain length of time, and then start the com-
pressor motor after the pressure 1n the piping has been
reduced to a low level. However, the operator cannot accu-
rately judge the accurate pressure dropping time. An alter-
nate way to prevent this problem 1s the use of a heat sensitive
overload protective switch 1n conjunction with a relay. The
heat sensitive overload protective switch automatically cuts
off power supply from the compressor motor upon an
overload. The relay automatically starts the motor within a
set time. The use of the heat sensitive overload protective
switch greatly increases the cost of the machine. Further, the
heat sensitive overload protective switch has the drawbacks
of a contact switch. With respect to the operation of the
compressor motor, the initial current value (starting current)
1s high. After started, the compressor motor runs with
relatively smaller current, which 1s within the rated current
range. When an induction motor runs not at the full load, 1t
consumes much power than the actual requirement because
a certain amount of power 1s wasted. The percentage of
wasted amount of power becomes greater when the load 1s
relatively reduced.

SUMMARY OF THE INVENTION

The present invention has been accomplished under the
circumstances 1n view. It 1s the main object of the present
invention to provide a refrigerator compressor control
circuit, which starts the compressor motor a length of time
delay after a sudden shutdown, preventing damage to the
compressor motor due to high pressure of cooling agent. It
1s another object of the present invention to provide a
refrigerator compressor control circuit, which controls the
output voltage value subject to the status of the load at the
compressor motor, so as to save power consumption.
According to the present invention, the refrigerator com-
pressor control circuit comprises a CPU (central processing
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unit), a current phase detector, a voltage phase detector, a
trigger circuit having a TRIAC, a voltage level detector, a
high current detector, a low current detector, an put filter,
and an output filter. The current phase detector comprises a
photo coupling crystal connected between the CPU and the
TRIAC of the trigger circuit, and 1s adapted for detecting
current phase and providing a feedback signal to the CPU to
determine the triggering angle. The voltage phase detector 1s
connected between the AC power supply and the CPU,
comprised of a plurality of diodes and resistors, and adapted
for detecting the time of zero voltage so as to obtain the
voltage phase, for enabling the CPU to measure the load of
the compressor motor by comparing the voltage phase
obtained from the voltage phase detector with the current
phase obtained from the current phase detector so as to
determine the triggering angle of the TRIAC of the trigger
circuit. The ftrigger circuit comprises a photo coupling
crystal and the TRIAC, the TRIAC having a first end
connected to AC power supply, a second end connected to
the CPU through the photo coupling crystal of the trigger
circuit, and a third end connected to the load of the com-
pressor motor of the refrigerator. The voltage level detector
1s comprised of a diode, a capacitor, and a plurality of
resistors, and adapted for detecting nput voltage and pro-
viding the detected mput voltage value to the CPU, causing
the CPU to stop sending signal to the trigger circuit and to
turn off the trigger circuit when the input voltage value
surpasses a predetermined level. The high current detector 1s
comprised of a plurality of resistors, a capacitor, and a
orounded comparator, and adapted to provide a signal to the
CPU immediately when the current at the load of the
compressor motor of the refrigerator surpasses a predeter-
mined high current level, causing the CPU to shut down the
refrigerator. The low current detector 1s comprised of a
plurality of resistors, a capacitor, and a grounded
comparator, and adapted for providing a signal to the CPU
immediately when the current at the load of the compressor
motor of the refrigerator drops below a predetermined low
current level, causing the CPU to make a full voltage output
to start the compressor motor of the refrigerator at O trig-
ogering angle. The CPU has set therein predetermined control
signal parameter values and start time value subject to the
load of the compressor motor of the refrigerator, and adapted
for receiving signals from the other sub-circuits of the
refrigerating compressor control circuit, comparing the sig-
nals received, and outputting a control signal to the com-
pressor motor of the refrigerator subject to the comparison
result.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s circuit diagram of a refrigerating compressor
control circuit according to the present invention.

FIG. 2 1s a schematic drawing showing a triggering angle
according to the present 1nvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 1, a refrigerating compressor control
circuit 1s 1nstalled 1 the circuit between the power source
and the compressor motor M, comprising a CPU 1, a power
circuit 2, which provides the necessary working voltage, a
current phase detector 3, a voltage phase detector 4, a trigger
circuit 5, a voltage level detector 6, a high current detector
7, a low current detector 8, an 1nput filter 9, and an output

end filter 10.

The current phase detector 3 comprises a photo coupling,
crystal 30 connected between the CPU 1 and a TRIAC 51 of
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the trigger circuit 5, and adapted for detecting current phase,
1.€., the zero time of feedback current for enabling the CPU
1 to determine the triggering angle.

The voltage phase detector 4 1s connected between the
power source and the CPU 1, and comprised of diodes D and
resistors R. The voltage phase detector 4 detects the time of
zero voltage so as to obtain the voltage phase. The CPU 1
measures the condition of load of the compressor motor M
by comparing the voltage phase obtained from the voltage
phase detector 4 with the current phase obtained from the
current phase detector 3, and determines the triggering angle
of the TRIAC 51 of the trigger circuit 5 subject to the
comparison result. The triggering angle 1s indirectly propor-
tional to the load of the compressor motor M, the lower of
the load of the compressor motor M 1s the greater the
triggering angle of the TRIAC 51 will be. A wide triggering
angle of the TRIAC 51 saves much power. On the contrary,
a narrow triggering angle of the TRIAC 51 saves less power.

The trigger circuit 5 comprises a photo coupling crystal
50, and the atoresaid TRIAC 51. The TRIAC 51 has one end

connected to power source, and another end connected to the
CPU 1 through the photo coupling crystal 50. The CPU 1

controls the TRIAC 51 to achieve a current-chopping trig-

cgering elfect. The other end of the TRIAC 51 1s connected
to the load of the compressor motor M.

The voltage level detector 6 1s comprised of a diode D, a
capacitor C, and resistors R. The voltage level detector 6
detects input voltage and provides the detected mput voltage
value to the CPU 1. When the 1mnput voltage value surpasses
a predetermined level, the CPU 1 stops sending the control
signal to the trigger circuit 5, thereby causing the trigger
circuit 5 to be turned to the “off” status to cut off the output
of power, preventing the compressor motor M from damage.

The high current detector 7 1s comprised of resistors R, a
capacitor C, and a comparator 70. The comparator 70 1is
orounded. When the current at the load surpasses the pre-
determined high current level, the high current detector 7
immediately provides a signal to the CPU 1, causing the
CPU 1 to shut down the machine.

The low current detector 8 1s comprised of resistors R, a
capacitor C, and a comparator 80. The comparator 80 1is
orounded. When the current at the load drops below the
predetermined low current level, the low current detector 8
immediately provides a signal to the CPU 1, causing the
CPU 1 to make a full voltage output, 1.e., the triggering angle
1s at “0” so that sufficient voltage 1s provided to the com-
pressor motor M for normal functioning.

The 1nput end filter 9 eliminates mterference of 1mpulse
wave and noises with input power. The output end filter 10
climinates feedback noises from the compressor motor M.

The CPU 1 has set therein control signal parameter values
and start time value subject to the load of the compressor
motor. The CPU 1 receives signals from the other compo-
nent parts of the refrigerating compressor control circuit,
compares the signals received, and outputs a control signal
to the compressor motor M subject to the comparison result.

The functioning, effect, and advantages of the present
invention are outlined hereinatter.
Normal Start (Starting After a Long Time of Shutdown):

When starting the compressor motor M, a high starting
current, usually about 3~7 times of the rated current, is
required. At this time, as shown 1n FIG. 2, the triggering
angle 1s 0. When electrically connected after a long time of
shutdown, the CPU drives the photo coupling crystal 50 of
the trigger circuit 5 to turn on the TRIAC 51 by means of 0
triggering angle, so as to achieve “full voltage start”. This
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state does not save power due to high torsion requirement,
1.€., when supplying power to start the compressor motor M,
the CPU 1 does not output a power saving control signal, and
the trigger circuit S triggers the circuit at O trigeering angle
without chopping, enabling full voltage to be supplied to the
compressor motor M.

Normal running (continuous running after start):

After started, the motor shaft of the compressor motor M
1s kept at the 1nertia status, 1.¢., no “full voltage” 1s necessary
for normal running of the compressor motor M. At this time,
the circuit enters “power saving’ status. The invention
achieves this power saving status due to the effect of the
current phase detector 3 and the voltage phase detector 4 and
the current The current phase detector 3 feeds detected
current phase information back to the CPU 1. The voltage
phase detector 4 provides detected voltage phase informa-
tion to the CPU 1. The CPU 1 obtains the information of the
load subject to the phase angle of the current over the
voltage, 1.e., the phase difference between the voltage and
the current, and then outputs an instruction to the TRIAC 51
of the trigger circuit § via the photo coupling crystal 50 to
control the triggering angle of the TRIAC 51 subject to the
information of the load obtained and the preset program. In
oeneral, the CPU 1 controls the triggering angle of the
TRIAC 51 subject to the level of the load of the compressor
motor M. When the load of the compressor motor M 1s
relatively increased, the angle of the current passing over the
voltage 1s relatively reduced, the trigegering angle becomes
relatively smaller, and less power 1s saved, so that sufficient
power 1s provided to the compressor motor M to rotate the
motor shaft. On the contrary, when the load of the compres-
sor motor M 1s relatively reduced, the angle of the current
passing over the voltage 1s relatively increased, the trigger-
ing angle becomes relatively greater, and more power 1s
saved. According to the law of power, P (power)=V
(voltage)xI (current)xPF (power factor). When I is reduced,
V 1s lowered, PF 1s increased. Therefore, reducing P
achieves power saving elfect. The invention achieves “chop-
ping effect” (see FIG. 2) subject to the range of triggering
angle. The greater the trigeering angle 1s the greater the
chopping area and power saving rate will be. However, an
excessive triggering angle causes an excessive voltage drop,
resulting 1n 1nsuificient torsional force and excessively high
current. In this case, the compressor motor M may be
damaged. In order to eliminate this problem, the trigeering
angle must be properly controlled to keep normal function-
ing of the compressor motor M. In general, when the load 1s
light, it 1s not necessary to provide full wave (full power) to
the compressor motor M to keep the compressor motor M
functioning normally. The invention chops input power
subject to the condition of the load, so as to achieve a power
saving elfect.

Sudden start immediately after shutdown:

When the compressor motor M 1s shut down suddenly
during its running due to a certain reason (for.example,
sudden power failure), the compressor motor M will be
started immediately. When started, the cooling agent 1n the
coll 1s compressed to produce a pressure. If the pressure 1n
the coil 1s not dropped to a low level, the starting load of the
compressor motor M will be very high, causing a high
starting current (higher than the starting current to start the
compressor motor M after a long time of shutdown).
Therefore, 1t 1s necessary to drop the voltage before starting
the compressor motor M at this time. In order to prevent a
high starting current due to a high pressure when starting the
compressor motor M immediately after shutdown, the CPU
1 outputs a triggering signal to start the compressor motor M
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after “pressure dropping time”. The value of “pressure
dropping time” 1s determined subject to the capacitor of the
compressor motor M. In case a high starting current is
produced after “pressure dropping time” due to the existence
of an excessively high pressure, the high current detector 7
detects the high current, and provides the information to the
CPU 1, causing the CPU 1 not to output the trigeering signal
to start the compressor motor M. After another “pressure
dropping time”, the CPU 1 outputs the triggering signal to
start the compressor motor M. Theretfore, the present inven-
fion automatically controls the operation of the compressor
motor M. Even 1f a manual operation 1s employed to start the
compressor motor M, the compressor motor M 1s prohibited
from working before dropping the voltage value to the
suitable range.

Excessive high/low current protection and control:

When an excessive high current 1s produced due to an
overload, the comparator 70 of the high current detector 7
detects the status and provides the information to the CPU
1, thereby causing the CPU 1 stops triggering the TRIAC 51,
and therefore the compressor motor M 1s turned off. This
function protects the compressor motor M against overload,
and prevents high voltage starting of the compressor motor
M. The stopping time of the compressor motor M due to an
overload 1s determined subject to the range of the current
surpassed the rating current. A small overload allows a
relatively longer time of overload. The allowable time of
overload 1s shortened when the overload 1s heavy. Therefore,
the invention allows a longer time of overload upon a small
overload, and a normal high starting current for starting the
compressor motor M. However, the invention immediately
stops the compressor motor M upon an abnormal high
starting current. When the compressor motor M stopped due
to an excessively high current, the CPU 1 automatically
controls the re-starting time, enabling the compressor motor
M to be started after a set length of time to prevent starting
of the compressor motor M under a high pressure.

In addition to the compressor, a regular freezer or refrig-
erator further comprises a thermostat, a compressor cooling
fan, and 1lluminator means. When stopped the compressor
before 1nstallation of the installation of the refrigerating
compressor control circuit 1n the power control or operation
control means of the freezer/refrigerator, the thermostat,
compressor cooling fan, and illuminator means of the
freezer/refrigerator may keep working, resulting in low
voltage and/or low current output. For example, when the
cooling fan, the 1lluminator means, and the compressor are
stopped, the thermostat still consumes a small amount of
electric current, and the output voltage 1s also low. In this
case, 1t may be unable to start the compressor due to
excessively low voltage. The invention eliminates this prob-
lem. The comparator 80 of the low current detector 8
provides a signal a signal to the CPU 1 upon a low current
below the set low level, thereby causing the CPU 1 to trigger
the TRIAC 51 for full voltage output. Therefore, a full
voltage 1s provided for normal starting of the motor when
starting the compressor again after rising of temperature.

Further, the input voltage may be higher than the allow-
able voltage of the compressor under the power saving
status, however the pressure dropping effect causes the
output voltage to be reduced to the allowable voltage level
without causing damage to the compressor. If the input
voltage 1s excessively high, 1t may be unable to drop the
output voltage to the allowable voltage level. When the input
voltage 1s excessively high, the CPU 1 stops trigeering the
TRIAC 51, preventing running of the compressor under a
high voltage. Therefore, the invention provides double pro-
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tection against high voltage, one 1s to drop high voltage to
the allowable level, enabling the compressor to work nor-
mally; the other 1s to stop the compressor from operation
when the level of output voltage 1s still higher than the rated
level after a voltage drop. Further, excessive low voltage
may cause damage to the motor. In case the input voltage 1s
within the allowable range but the output voltage 1s exces-
sively low, the i1nvention shifts to power saving status,
providing full voltage output to the motor. However, if the
input voltage 1s lower than the allowable range, the inven-
tion stops the motor, preventing damage to the compressor.
Theretore, the voltage level detector 6 provides voltage high
and voltage super high protections as well as voltage low
and voltage super low protections.

Although particular embodiments of the invention have
been described 1n detail for purposes of 1llustration, various
modifications and enhancements may be made without
departing from the spirit and scope of the invention.
Accordingly, the 1nvention 1s not to be limited except as by
the appended claims.

What the invention claimed 1is:

1. A refrigerating compressor control circuit installed 1n a
refrigerator and connected between an AC power supply and
a compressor motor of the refrigerator and adapted for
controlling the operation of the compressor motor, the
refrigerating compressor control circuit comprising a CPU
(central processing unit), a current phase detector, a voltage
phase detector, a trigger circuit having a TRIAC, a voltage

level detector, a high current detector, a low current detector,
an mput filter, and an output filter, wherein:

said current phase detector comprises a photo coupling
crystal connected between said CPU and the TRIAC of
said trigger circuit, and 1s adapted for detecting current
phase and providing a feedback signal to said CPU to
determine the trigeering angle;

said voltage phase detector 1s connected between the AC
power supply and said CPU, and comprises a plurality
of diodes and resistors, said voltage phase detector
being adapted for detecting the time of zero voltage so
as to obtain the voltage phase, for enabling said CPU to
measure the load of the compressor motor by compar-
ing the voltage phase obtained from said voltage phase
detector with the current phase obtained from said
current phase detector so as to determine the triggering
angle of the TRIAC of said trigger circuit;

said trigger circuit comprises a photo coupling crystal and
said TRIAC, said TRIAC having a first end connected
to the AC power supply, a second end connected to said
CPU through the photo coupling crystal of said trigger
circuit, and a third end connected to the load of the
compressor motor of said refrigerator;

said voltage level detector comprises a diode, a capacitor,
and a plurality of resistors, and 1s adapted for detecting,
input voltage and providing the detected mput voltage
value to said CPU, causing said CPU to stop sending
signal to said trigger circuit and to turn off said trigger
circuit when the input voltage value surpasses a pre-
determined level;

said high current detector comprises a plurality of
resistors, a capacitor, and a grounded comparator, and
1s adapted to provide a signal to said CPU immediately
when the current at the load of the compressor motor of
said refrigerator surpasses a predetermined high current
level, causing said CPU to shut down the refrigerator;
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said low current detector comprises a plurality of saild CPU has set therein predetermined control signal
resistors, a capacitor, and a grounded comparator, and parameter values and start time value subject to the
1s adapted for providing a signal to said CPU imme- load of the compressor motor of said refrigerator, and
diately when the current at the load of the compressor adapted for receiving and comparing signals, and out-
motor of said refrigerator drops below a predetermined 5 putting a control signal to the compressor motor of said
low current level, causing said CPU to make a full refrigerator subject to the comparison result.

voltage output to start the compressor motor of said
refrigerator at O triggering angle; ok k% ok
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